We address the concept of three-dimensional light bullet formation in structures where nonlinearity and dispersion are contributed by different materials, including metamaterials, which are used at their best to create suitable conditions where bullets can form. The particular geometry considered here consists of alternating rings made of highly dispersive but weakly nonlinear media and strongly nonlinear but weakly dispersive media. We show that light bullets form for a wide range of parameters.
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The formation of fully three-dimensional self-trapped wavepackets, or light bullets, is one of the most exciting, yet experimentally unsolved, problems in Optics [1, 2] . Light bullets are spatio-temporal solitons that form when a suitable nonlinearity arrests both spatial diffraction and temporal group-velocity dispersion. In principle, bullets may be supported by a variety of nonlinear mechanisms, even though potential solutions tend to be highly prone to dynamical instabilities. Their experimental realization faces two central challenges. Namely, elucidation of a nonlinearity mechanism that supports light bullets as stable entities, and realization of a physical setting where nonlinearity, diffraction and dispersion are all present with suitable strengths without introducing too high propagation losses. A variety of strategies have been found that solve the first challenge. These include quadratic nonlinear media that support solitons for all physical dimensions [3] and where two-dimensional bullet formation was achieved by generating dispersion via achromatic-phase-matching at the expense of one spatial dimension [4, 5] ; saturable [6] and nonlocal [7, 8] media; materials with competing nonlinearities [9, 10] ; settings where higher-order effects, such as fourth-order dispersion may play a stabilizing role [11] ; propagation in optical lattices [12] [13] [14] ; or filamentation [15, 16] , just to name a few. However, to date, the second challenge remains unsolved.
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A potential approach to overcome this limitation is based on the concept of engineered structures composed of different materials featuring either strong nonlinearity or strong suitable group-velocity dispersion, but not necessarily both together at a given wavelength.
Thus, each material is to be used at its best for the purpose at hand. Implementation of such strategy along the longitudinal direction showed that light bullet formation is possible for significantly large tandem domains in the case of quadratic solitons [17] . In this Letter we put forward the concept that stable bullets do form in transverse radially-periodic structures consisting of alternating rings made of a highly dispersive linear material and rings made of a strongly nonlinear material. We find that bullet stability depends crucially on whether the central domain is linear or nonlinear. Here we address materials with cubic saturable nonlinearity, but the concept is expected to hold for different nonlinearities.
We address the propagation of a light beam along the ξ axis of a radial tandem described by the nonlinear Schrödinger equation for dimensionless field amplitude ( , , , ) q η ζ τ ξ :
is the propagation distance normalized to the diffraction length S is a saturation parameter. We assume a radially-symmetric structure composed of periodically alternating rings exhibiting anomalous dispersion and weak nonlinearity, where 2 β = − and 0 σ = , and weakly dispersive, but highly nonlinear domains, where 0.1 β = − and 1 σ = − . The radial width of the domains is d . Importantly, two types of geometries are possible, when the central domain exhibits nonlinearity and when it does not. The refractive index is set to be similar in all domains, thus the structure may be viewed as a nonlinear lattice. Note that two-dimensional solitons in geometries where nonlinearity and dispersion are transversally modulated at equal points have been shown to exist [18, 19] . The essential ingredient of the approach put forward here, where nonlinearity and dispersion are strong at different points of the structure, should be properly appreciated. For suitable parameters, bullets may cover several radial domains and they may feature pronounced shape modulations. The intensity distribution features a ring-like shape in the ( , ) η ζ plane, an effect that is most pronounced for tandems with a nonlinear central domain.
Bullets expand substantially at low and high amplitudes, the latter being a consequence of the nonlinearity saturation. At certain b they acquire minimal width that increases with S . eventually decays is shown in Fig. 4(b) . Note that in the latter case the input signal goes through significant oscillations and shifts (not directly visible in the isosurface plots). 
